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X. INTRODUCTION AND SUMMARY
This report summarizes progress on the development o f  a mathematical 
model o f  the I l l i n o i s  in te r lib ra ry  loan network. This p ro je ct  is  funded 
by the I l l i n o i s  State Library and is  being carried  out at the Coordinated 
Science Laboratory o f  the U niversity  o f  I l l i n o i s  at Urbana-Champaign.
The main o b je c t iv e  o f  th is  p ro je ct  is  to produce a mathematical 
model and associa ted  computer programs fo r  use by the State Library in  
eva luation  and planning o f  the in ter  lib ra ry  loan (ILL) network. While th is  
goa l is  rather s p e c i f i c ,  we are endeavoring to develop a general under­
standing o f  ILL networks and a general model o f  their operation . With th is  
point in  mind, we have w ritten  th is  report with a broad perspective  in  the 
hopes that our resu lts  and conclusions to  date w il l  be o f  use to  the research 
community.
S ection  I I  summarizes the pertinent published lite ra tu re  on ILL n e t­
works. This lite ra tu re  is  reviewed in  subsections on network stru ctu re , 
op eration s, s a t is fa c t io n  o f  requests, and c o s ts . A general conclusion  
reached is  that, while much is  happening in  the area o f  ILL networks, l i t t l e  
s o l id  a n a ly tica l work is  a v a ila b le . The authors hope to make a con tr ib u ­
tion  in  th is  area.
Section  I I I  d iscusses a flow  chart model o f  the operations o f  the 
I l l i n o i s  ILL network. In th is  s e c t io n , we try  to develop a flow  chart 
that adequately represents the network without being so com plicated that 
i t  is  a n a ly t ic a lly  in tra c ta b le .
Section  IV considers approaches to  developing a mathematical model o f  
an ILL network. A review o f  the pertinent lite ra tu re  is  presented. Net­
work flow  theory and sim ulation are discarded in  favor o f  a h ie ra rch ica l
2queueing network which w i l l  be analyzed using approxim ations that w i l l  be 
va lida ted  with sim ulation . An i n i t i a l  vers ion  o f  th is  model is  d iscussed . 
This model has been programmed in to  an on -lin e  in te r a c t iv e  package where 
the user can input a lte rn a tiv e  network operating p o l ic ie s  and can see the
i
e f f e c t  upon average delay in  s a t is fy in g  a requ est, p ro b a b ility  o f s a t is fy in g  
a request, average processing load on each member o f  the network, t o t a l  n e t­
work operating c o s ts ,  and unit c o s ts . This computer package has 
been e n t it le d  ILLINET to correspond with the State L ib ra ry 's  acronym
I
fo r  I l l in o i s  Library and Inform ation Network. In th is  s e c t io n , we 
a lso  d iscuss the changes that w i l l  be incorporated  in to  the model 
in  the near fu ture.
Section  V d iscusses s ix  p ossib le  hardware a p p lica tion s  o f  computer 
and communications technology . They range from simple telephone and WATS 
lin e  to the p ossib le  use o f  a computer to  co n tro l the whole network. Some 
o f  these a lte rn a tiv es  w i l l  be further in vestiga ted  to consider how they 
would a f fe c t  the functions discussed in  S ection  I I I .  These e f fe c t s  w i l l  
then be input to ILLINET and we w i l l  then be able to p red ict the impact o f  
these te ch n o log ica l a lte rn a tiv es  on o v e ra ll network operation .
The main purpose o f  th is  report is  to d iscuss ILL networks and 
how th e ir  operations can be analyzed. We have surveyed the s ta te -o f - t h e -  
art and fe e l  that we have determined the most r e a l i s t i c  approach to model­
ing and p red ictin g  ILL network behavior. Future reports  w i l l  consider the 
mathematics in volved , the ILLINET model and computer programs, and the 
a p p lica tion  o f  the model to evaluation  and planning o f  the I l l i n o i s  ILL
network
3I I .  SELECTED REVIEW OF THE LITERATURE ON ILL NETWORKS.
The documents d iscussed  in th is  s e ction  o f the report are lim ited  to 
p u b lica tion s  from 1971-1974 which describe ILL network operationa l 
ch a r a c te r is t ic s  or evaluate and quantify  ILL network performance. Based 
on the published reports o f lib ra ry  networks we w i l l  d iscuss the fo llow in g  
aspects o f IILL networks;
a. S tructure,
b . O perations,
c . Success ra te , /•
d. Costs.
Network structure re fe rs  to the elem ents, con fig u ra tio n , and 
le v e ls  o f  a network. A fter presenting some examples o f  network 
structures we w il l  focus on the nature and mode o f  operations 
o f  ILL networks, namely message tran sfer  and document d e liv e ry . D efining 
network structure and operations w i l l  provide the necessary framework, 
w ithin which we w i l l  f in a l ly  discuss what has been reported  re la t iv e  to 
processing  time, s a t is f ie d  requests, and c o s ts .  Two l i s t s  a t the end of 
th is  se ct io n  give a b r ie f  d e scr ip tio n  o f  four reg ion a l centers which 
provide ILL serv ice  and the State ILL networks found in the lite ra tu re  covered 
in th is  rep ort.
A. S tructure.
The structure o f  lib ra ry  networks can be described  in terms applied  
to computer networks. However, an important d iffe re n ce  between lib ra ry  
and computer networks is  in the operations they perform  which we w i l l  d iscuss 
in the fo llow in g  se ct io n . Network structure can be d iscussed  in terms 
o f  elements, con fig u ra tion , and le v e ls .
The elements o f a lib ra ry  network co n s is t  o f  nodes, or processing 
centers and lin k s , or p oss ib le  paths o f  communication. The pattern which
-  4 -
re su lts  when nodes and links are connected is  the network con fig u ra tion . 
Network con figu ra tion s  do not n e ce ssa r ily  r e f le c t  network procedures which 
define p ro to co ls  or the order by which network a c t iv it y  progresses.
Several researchers have analyzed network structure in terms o f network 
flow  theory to  describe the a c t iv i t ie s  o f  the network and the a v a i la b i l i t y  
and u t i l i t y  o f connecting links [2 0 ,4 3 ,5 0 ,5 1 ] . The problems and 
ch a r a c te r is t ic s  o f communication networks are not the same fo r  lib ra ry  
networks. Using the terms computer or communication network and lib ra ry  
network interchangeably is  confusing and o ften  not c o r re c t  [3] . S p e c if ic  
d iscu ssion  o f network modeling and an a lysis  is  presented in Section  IV.
A t o ta l ly  cen tra lize d  network is  described  by the sta r con figu ra tion  
in Figure 1. A c t iv ity  or serv ices  provided by the network are co n tro lle d  
by the ce n tra l node [13] . As an example o f a ce n tra lize d  network, con­
sider the New York State Library which rece iv es  ILL requests anpl re fe rs  
the u n f i l le d  requests among 12 lib r a r ie s  (3 p u b lic  or area lib r a r ie s  and 
9 research or su b ject  l ib r a r ie s )  [22] .
FIGURE 1.
*
5Communication routes do not e x is t  between the outer nodes o f the 
purely ce n tra lized  network. A l l  communication is  co n tro lle d  via the 
cen tra l node. By co n tra st , the com pletely d ecen tra lized  network can be 
described  by the d is tr ib u ted  con figu ra tion  in Figure 2 [47] . As the 
figu re  i l lu s t r a te s  each node has the a lte rn a tiv e  o f communicating with 
every other node in the network. There is  no rank or order imposed on 
the communication lin k s .
DISTRIBUTED CONFIGURATION 
FIGURE 2.
A th ird  con figu ra tion  commonly used to describe  network structure 
is the ring in Figure 3 [47] . Like the d istr ib u ted  network there is  no 
cen tra l p rocessing node. The d istin gu ish in g  c h a r a c te r is t ic  o f the ring 
structure re la tes  to the communication or processing order. Once a 
request enters the network at a given node i  and futher processing o f 
that request is  necessary , the request can only be sent to  node i  + 1.
RING CONFIGURATION 
FIGURE 3.
Communication between the System and Center le v e ls  o f  the I l l in o i s  
In te r lib ra ry  Loan Network can be described  as a structure which is  a 
compromise between the d istr ib u ted  and ring con fig u ra tion s . While the 
Research and Reference Centers can communicate with every other member o f 
the network, the Systems can, but usually  do. n ot, communicate with a l l  the 
other network members. (See Section  I I I  fo r  fu rth er d is cu ss io n ).
This leads us to another aspect o f  lib ra ry  network s tru ctu res . We 
can v isu a liz e  the a c t iv it y  o f  most lib ra ry  networks along two d ir e c t io n s , 
la te r a l and v e r t ic a l .  A request that is  routed la te r a lly  is  sent between 
two nodes with roughly equal r e s p o n s ib ility  ( e .g . ,  s im ilar s ize  o f 
geographical area or s im ila r  number o f  su b ject s p e c ia l i t i e s ) .  V e r t ica l 
routing re fe rs  to movement in a h ierarch y . .As we move up in the h ierarchy , 
there are usually  fewer nodes each o f which has greater r e s p o n s ib ility  and 
access to more comprehensive c o l le c t io n s .
7As an example o f  a h ie ra rch ica l network, con sider the Regional Medical 
L ibrary Program. The primary a c t iv i t y  o f  the R egional Medical L ibra ries  
is  document d e livery  [1 2 ] .  The h ie ra rch ica l stru ctu re  o f th is  network 
is  described  by four le v e ls ; (1 ) lo c a l  l ib r a r ie s  in h o sp ita ls , ju n ior 
c o lle g e s  with health  scien ce  programs, government a g en cies ; (2) resource 
l ib r a r ie s ,  usually  in m edical s ch o o ls ; (3) RML, 11 reg ion a l lib r a r ie s  
covering  defined  geographic reg ion s ; (4 ) NLM, in a d d ition  to  serving 
as an RML fo r  the M id-A tlantic Region, i t  a lso  serves as the f in a l  
resource fo r  those requests u n sa tis fie d  a fte r  the 3rd le v e l o f  p rocessing 
[12 ,67] . Figure 4 i l lu s t r a te s  the h ie ra rch ica l structure o f the NLM 
network.
HIERARCHICAL STRUCTURE 
NLM NETWORK
FIGURE 4.
8S im ilarly  the I l l in o i s  ILL network can be described  as a h ie ra rch ica l 
structure with four le v e ls : (1) lo c a l  l ib r a r ie s ,  p u b lic , academic, and
sp e c ia l with c o lle c t io n s  under 200,000 volumes; (2) 18 Systems l ib r a r ie s ,  
(prim arily responsib le  fo r  a geographic region  o f  lo c a l  l ib r a r ie s  and with 
some S’ysterns lib r a r ie s  maintaining s p e c ia l su b ject strengths) and^potentially* 
16 large academic l ib r a r ie s  with c o l le c t io n s  in  excess o f  20,000 volumes; (3)
4 Research and Reference Centers, 1 sp e c ia l l ib r a r y , 2 academic l ib r a r ie s ,  and 
1 p u b lic  l ib ra ry ; (4) S pecia l Resource L ib ra rie s . Processing o f  requests 
gen era lly  moves in  an upward (v e r t ic a l )  d ir e c t io n  s im ila r  to the NLM network. 
The requests in it ia te d  by the lo c a l  le v e l and processed as n o f i l l s  by the 
Systems l ib r a r ie s ,  are then routed to the Center le v e l and p o ss ib ly  to the 
S pecia l Resource L ibrary le v e l .  Figure 5 i l lu s t r a te s  the h ie ra rch ica l 
structure o f  the I l l i n o i s  ILL network.
HIERARCHICAL STRUCTURE 
ILLINOIS ILL NETWORK
FIGURE 5.
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This d escr ip tion  o f  the structure o f NYSILL, NLM and I l l in o i s  ILL 
networks has purposely s im p lif ie d  the structures o f  these networks in 
order to  exem plify the network structures frequ en tly  mentioned in the 
lite ra tu re  [ 13,43,47] . The actu a l operations o f  these networks generate 
network structures too complex to describe fo r  p r a c t ic a l  purposes in th is  
rep ort.
Duggan o f fe r s  a model fo r  p red ictin g  optimal network design with respect 
to some measures o f  network performance which she has developed [1 9 ].
The c o l le c t io n s  o f l ib r a r ie s  in a h ie ra rch ica l network tend to have more 
comprehensive c o lle c t io n s  in the upper le v e l o f  the h ierarch y . This 
is  usually r e f le c te d  in a p rog ress iv e ly  higher f i l l  ra te  as one 
trave ls  from the low est le v e l to the top o f  the network.
Davis points out that the h e ira rch ica l network enables one to c lu s te r  
a c t iv i t ie s  based on some c r it e r io n ,  such as organ iza tion a l p r io r i t ie s ,  
or p rocessin g  a c t iv i t y .  A second feature o f  the h ie ra rch ica l network 
o f fe r s  a lte rn a tiv e  routing paths, unlike the com pletely cen tra lize d  or 
d ecen tra lized  structures [1 3 ] .
The in fluence o f  structure on network performance played an important 
ro le  in .th e  design o f the biom edical ILL network. In 1963, i t  was
i
p red icted  that medical resources l ib r a r ie s  would fr e e  a demand o f  1.5 
m illio n  requests per year by 1973. Because the e x is t in g  resources fo r  
processing ILL requests cou ld  not p oss ib ly  handle th is  p ro je cted  increase 
in  demand, a reorgan ization  o f the Biom edical Inform ation System resu lted  in 
the h ie ra rch ica l network previou sly  described  [66] .
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Swank comments on the lack  o f  system atic study o f  inform ation 
network stru ctu res . He notes that an important area o f research barely 
explored  is  determining the optimum s ize  o f networks fo r  d if fe r e n t  le v e ls  
o f  a c t iv i t y  [79] . M iller  brings our a tte n tio n  to  a s im ila rly  re la ted  
problem by asking how does the network manager decide that a given le v e l 
o f the network no longer e x is ts  op era tion a lly  and that formal reorgan izing 
is  necessary [46] . From the p ersp ective  o f the lib ra ry  manager, one might 
ask what c r i t e r ia  and measurements in d ica te  that a lib ra ry  can no longer 
operate econom ically as a s e l f - s u f f i c i e n t  l ib ra ry . Scanning the lite ra tu re  
between 1971 and 1974 revea ls  no a n a ly t ica l studies which answer these 
frequ en tly  asked questions.
B. O perations.
L ibrary network operations can be ca tegorized  by two s e rv ice s : 
message tran sfer  and document or inform ation d e liv e ry . Analysis o f  a 
message tran sfer  serv ice  emphasizes the process by which a message is  
tran sferred , i . e . ,  some a lte rn a tiv e s  might be telephone, TWX, computer, 
or te le fa c s im ile . By con tra st , the an a lysis  o f  a document d e liv e ry  
serv ice  p laces emphasis on in v estiga tin g  the processing  o f a request a fte r  
the message has been tran sferred .
Need fo r  an e f fe c t iv e  nation a l document d e liv e ry  system is  recognized  
by the A ssocia tion  fo r  Research L ibra ries  which is  reported ly  in v estiga tin g  
the f e a s ib i l i t y  o f a n ation a l com puterized document tra n s fer  network [4] .
In a recent p u b lica tio n , Hayes addresses the te ch n ica l, op era tion a l, 
managerial and economic f e a s ib i l i t y  o f a n ation a l message tra n sfer  network 
fo r  ILL a c t iv i t ie s  [30] .
Since document d e livery  operations e x is t  in most ILL networks we 
w i l l  d iscuss the experiences o f  various lib ra ry  systems using the fo llow in g
11
d e liv e ry  mechanisms:
1. S huttle ,
2. Telecommunication,
3. M ail,
4. Com puter-controlled mechanized r e tr ie v e r .
Evaulating a sh u ttle  d e liv ery  serv ice  usually  considers the fo llow in g  
fa c to r s :
1. Distance or geographic area serv iced ,
2. Frequency o f a r r iv a ls  and departures per unit time,
3. Number o f requests per unit time.
Library networks reportin g  th e ir  experience with a dedicated sh u ttle  
serv ice  include Five A ssocia ted  U niversity L ibraries [65] , NYSILL [38] , 
Ontario Council o f U niversity  L ibra ries  [18] , Utah C ollege L ibrary C ouncil 
[28] and W orcester Area Cooperating L ibra ries  [1 4 ] ,  NYSILL's experiment 
w ith the shuttle  se rv ice  resu lted  in d e livery  which was fa s te r  than 1st or 
4th c la ss  mail w hile the co s t  per shuttled  transaction  was in verse ly  
re la ted  to demand [38] . The Utah C ollege Library C ou ncil, con s is t in g  of 
four l ib r a r ie s  each with TWX f a c i l i t i e s  and m icrofilm ed ca ta lo g s , 
operated a d a ily  sh u ttle  which provided 24 hour turnaround time fo r  
requests with a co s t  o f  $ ,31/document d e livered  [2 8 ] .
Endorsement o f  te le fa cs im ile  transm ission has not been as c le a r ly  
voiced  as shuttle  versus m ail d e liv e ry . Many studies report that a low 
le v e l o f demand renders te le fa cs im ile  too c o s t ly  compared to mail or 
shuttle  serv ices  [9 ,2 9 ,5 7 ,7 5 ,8 2 ] . In sp ite  o f  p red icted  increase in the 
use o f te le fa cs im ile  by businesses [25] and improvements in q u a lity  [ l l ]  , 
rigorous a n a ly t ica l stu dies in v estiga tin g  the tra d eo ffs  between demand, unit 
c o s ts , and b e n e fits  are needed before making recommendations fo r  or against 
te le fa cs im ile  in il l  networks [3 ,24 ] .
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Some lib ra ry  systems experiencing "su ccess" w ith te le fa cs im ile  are 
Penn State U niversity  [37] and Nebraska [59] . Penn State claims that 
th e ir  serv ice  provides a te le fa cs im ile  transm ission fo r  $1.79 per page 
i f  use o f  the system is  a t le a s t  50% o f the maximum usage and the sta te  
subsid izes unlimited wide area f a c i l i t i e s .  (Maximum usage is  defined as 
transm itting 1,733 pages per month or 10 pages per hou r.)
TWX f a c i l i t i e s  are frequ en tly  used in communicating the status of 
ILL requests. A Westat survey found that nearly 65% o f the ILL 
requests from p u b lic  l ib r a r ie s  were sent via TWX while only 20% from 
academic l ib r a r ie s  were sent in that manner [62] . These figu res  suggest 
a r e la t iv e ly  fa ste r  communication o f ILL requests by pu blic  lib r a r ie s  
than academic l ib r a r ie s .  Indiana reports favorable  experience with TWX 
f a c i l i t i e s  [83 ,84] .
The fo llow in g  variables are usually  considered in evaluating TWX 
communicated ILL requests:
1. Communication lin e  c o s t ,
2. Terminal c o s t  and type,
3 . Speed o f d e liv e ry  compared with mail or sh u ttle .
Braude and H olt present a model to guide the d e c is io n  maker in  comparing 
mail versus TWX transm ission o f ILL requests [7 ] . A key fa c to r  in the 
d e c is ion  making process is  the accurate id e n t if ic a t io n  o f  b en e fits  to the 
user and o v e ra ll network perform ance. For example, the lib ra ry  manager 
must be able to quantify a lte rn a tiv e  points where users are w il l in g  to 
pay an increase o f x d o lla rs  fo r  a serv ice  which promises to decrease the 
present serv ice  time by y percent. In ad d ition  to the ind iv idu a l u se r 's  
b e n e fits  the manager must a ls o  weigh the impact o f these a ltern a tives  on 
o v e ra ll network performance [21] . Shanok and Quinton developed a model 
which o f fe r s  gu idelin es fo r  evaluating a te letyp e  communications network
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and con siders  the tra d e o ff between h a lf  and f u l l  duplex te le typ es  
and delays in  computer processing  [7 6 ] ,
Two com puter-controlled  r e tr ie v a l and return systems were compared 
fo r  the Five Associated U niversity  L ib ra ries  Network [1 6 ] , They found that 
with e ith e r  the Randtriever or Yale system, a request can be in it ia te d  and 
the document re triev ed  (as opposed to d e livered ) in  25 seconds. They com­
pared th is  to 10 days with conventional r e t r ie v a l  in a decen tra lized  environ­
ment. Of course , the 10 days includes many operations not included in  the 25 
seconds and thus a comparison o f  these numerics is  not r e a lly  ju s t i f ie d .
The re su lt  o f  the experiment found that demand was too low to ju s t i fy  the 
cost  o f  the mechanized systems and cen tra l storage.
Speed o f  d e liv e ry , co s t  per request and impact on o v e ra ll network 
performance are the va ria b les  frequently  mentioned when evaluating d e liv e ry  
mechanisms o f  lib ra ry  networks. B r ig itte  Kenney’ s question  poin ts the 
d ire c t io n  fo r  needed research : "How much is  the u s e r ’ s time worth as
compared to that spent by the network in speeding h is  request on the way?"
[4 0 ]. Pings mentions the need to evaluate user s a t is fa c t io n  and adm inistrative 
e ffe c t iv e n e s s  with resp ect to time spent processing  the request and 
d e liv e r in g  the document [6 8 ] . U nfortunately the rep ort o f fe r s  no model 
or analysis fo r  the d ec is io n  maker once the data has been c o lle c te d .
C. Success Rate.
The rate  o f  success fo r  s a t is fy in g  ILL requests is  another important 
measure o f a lib ra ry  netw ork's performance. The fo llow in g  fa cto rs  which 
Thomson mentions [81] are usually  re la ted  to the ILL success ra te :
1. S ize o f  the l ib r a r y ,
2. D istance to lending lib r a r y ,
3. C h aracter istics  o f  m aterial requested (language, date, e t c . , ) ,
4. V e r if ic a t io n  o f  request,
5. Union l i s t s .
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The d i f f i c u l t y  with comparing network success rates  stems la rg e ly  from 
not knowing e x p lic ity  what processes a s p e c i f ic  network performs and not 
knowing th e ir  d e fin it io n  o f  success.
Warner o f fe r s  an elementary measure o f network and lib ra ry  e f f e c t iv e ­
ness which simply is  the r a t io  o f  s a t is f ie d  to t o t a l  number o f requests 
[86] . Looking at the same problem, measuring success ra te , Duggan [20] 
proposes to look at the borrow ing-lending transaction s o f  the network 
l ib r a r ie s .  The dependency o f  a lib ra ry  is  measured by
Number o f Borrowed Requests
T ota l Number of Borrow-Lend Transactions o f the L ibrary .
The measure o f  lib ra ry  p a r t ic ip a t io n  is the r a t io
T ota l Number Borrow-Lend Transactions o f the Library 
T ota l Number Borrow-Lend Transactions o f the Network
Evaluation o f the NYSILL p i l o t  p ro je c t  brought a tten tion  to the 
problem o f id e n tify in g  which requests could have been f i l l e d  i f  the 
c r i t e r io n  fo r  appropriate lib ra ry  c o lle c t io n s  were ©ore accurate and 
a lte rn a tiv e  routings were p oss ib le  [55] . In a la te r  Nelson Report the f i l l  
ra tes  fo r  p u b lic  l ib r a r ie s  was found to be in v erse ly  re la ted  to s iz e  o f  the 
c o l le c t io n  o f  the lib ra ry  in it ia t in g  the request. Academic l ib r a r ie s  re ly  less  
on NYSILL than p u b lic  l ib r a r ie s  and the s ize  o f  th e ir  c o l le c t io n s  did not appear 
to s ig n if ic a n t ly  e f fe c t  th e ir  p ro b a b ility  o f  being s a t is f ie d  [5 6 ], Based on a 
sample (8 l ib r a r ie s )  o f  the la rgest lending academic l ib r a r ie s  Thomson found 
that the lending l ib r a r ia n 's  v e r i f ic a t io n  o f  requests not found in th e ir  lib ra ry  
ca ta logs was the most important fa c to r  re la ted  to in creasin g  the success rate [8 1 ].
Considering the reasons fo r  u n fi l le d  requests in the NYSILL network 
i t  was found that the q u a lity  of c ita t io n s  fo r  u n f i l le d  requests does not 
s ig n if ic a n t ly  d i f f e r  from that o f f i l l e d  requests. About 857, o f  these 
u n fi l le d  requests were owned by at lea st one o f the network l ib r a r ie s .
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I t  was recommended that co rrection s  in searching and routing errors  would 
have resu lted  in lo ca tin g  56% o f  the u n fil le d  requests [2 2 ],
The TALON (Texas, Arkansas, Louisiana, Oklahoma, and New Mexico) 
Regional Medical L ibrary Network employs an o n -lin e  management inform ation 
software package which generates monthly reports and cumulates yearly  
s t a t i s t i c s .  TALON headquarters acts as a sw itching center by accepting 
loan requests and routing them to appropriate l ib r a r ie s .  S ta t is t ic s  
generated include to ta l number of requests, number f i l l e d ,  and response 
time fo r  f i l l e d  and u n fi l le d  requests [52] .
Union ca ta logs are an important fa c to r  in flu en cin g  the f i l l  rate o f 
lib ra ry  networks. A study at D elhi Library o f  the Indian In stitu te  o f 
Technology confirm ed that the lack o f a union ca ta log  center was the most 
s ig n if ic a n t  fa c to r  respon sib le  fo r  a low f i l l  rate fo r  ILL requests [39] . 
In the NLM network, use o f  o n -lin e  b ib lio g ra p h ic  r e t r ie v a l  o ffe re d  by 
Medline w i l l  soon supplement in te r lib ra ry  loan a c t iv i t i e s .  The SERLINE 
data base which provides lib ra ry  lo ca tio n  o f s e r ia ls  and jou rn a ls , w i l l  
be used to autom atica lly  switch ILL requests to the lending lib ra ry  
contain ing the desired  s e r ia l  [12] .
D. C osts.
Costs fo r  processing  ILL requests are gen era lly  in fluenced by the 
fo llow in g  va ria b les :
1. Size o f the network— number o f  demands per year, s ize  o f s t a f f ,  
and volumes - in to ta l  c o l le c t io n ,
2. C en tra lized  or d ecen tra lized  c o l le c t io n ,
3 . Standards o f  s e rv ice ,
4 . P rocessing time per request,
5. T echn olog ica l support, and
6. Salary sca les  [4 5 ] .
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The lack of c o s t  analyses fo r  inform ation network performance is noted 
by Davis [13] as w e ll as the Computer Science and Engineering Board o f 
the N ational Academy o f  Science [53] which recogn izes the need fo r  
s c ie n t i f i c  modeling o f inform ation networks to con sider costs  fo r  d iffe r e n t  
le v e ls  o f s e rv ice . In a paper by Brookes the problem o f d is tr ib u tio n  o f 
c o l le c t io n  development in a h ie ra rch ica l lib ra ry  network is  analyzed 
with respect to  user needs and the lib ra ry  manager's funding [8] .
The Washington State L ibrary sponsored a study in v estiga tin g  a lte rn a tive  
ILL network structures which would provide at lea st the same le v e l of 
serv ice  e x is t in g  at the time o f the study [73] . The present system had 
no form al ce n tra lized  ILL a c t iv i t i e s .  Loans were made from the lo c a l - t o -  
lo c a l  lib ra ry  le v e l and from a lo c a l  lib ra ry  to  the State L ibrary . Two 
a lte rn a tiv es  proposed were a reg ion a l system c lu s te r in g  lo c a l  lib r a r ie s  
by geographic proxim ity and a State system where the State L ibrary would 
serve as a cen tra lize d  serv ice  p o in t.
While the resu lts  o f the study show that the S tate system would cost 
le ss  than e ith e r  the current or proposed reg ion a l system, the b en e fits  
a ssocia ted  with the 3 a lte rn a tiv e  plans must a ls o  be considered . Increased 
c o l le c t io n  a v a i la b i l i t y  would re su lt  from both network con figu ration s  with 
the State system providing the greatest number o f a v a ila b le  t i t l e s .  The 
rep ort a lso  mentions that future development o f lib ra ry  resources might 
be fa c i l i t a t e d  by the reg ion a l and State network s tru ctu res . Operating 
in an environment which provides a larger volume o f  inform ation 
in  probably less  time, would generate a higher volume o f  a c t iv i t y .  The 
lib r a r ie s  in the State would thus be in a p o s it io n  to b e n e fit  from 
cooperative  ca ta log in g  and a cq u is it io n s , supported by advanced lib ra ry  
automation. The study points out that while o v e r a ll  State costs  may 
decrease by implementing the ce n tra lized  State L ibrary  network, the
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d is tr ib u t io n  o f  lo c a l  lib ra ry  savings may vary w idely .
Fees charged to requestors o f in te r lib ra ry  loans poses a perplexing 
dilemma to lib ra ry  adm inistrators who o ften  p re d ic t  a devastating loss  o f  
c l i e n t e le .  The Arizona Medical Library Network provided a free  ILL 
serv ice  supported by a fed era l subsidy [66] . The program was to become 
se lf-su p p o rtin g  and thus fed era l funds were even tu ally  removed. Consequently, 
requestors were suddenly charged fo r  a serv ice  that was once " f r e e " .  The 
resu lt  was a drop in demand by 507o. Within a year, however, the Arizona 
network regained it s  past le v e l o f  a c t iv i t y  and r is in g  demand rate by 
introducing a co st  recovery method.
At another medical network, KOMRML (Kentucky, Ohio, Michigan Regional 
Medical L ib ra ry ), the high demand fo r  ILL requests and decreased NLM 
funding forced  the network to  operate on a quota system, lim itin g  the 
number o f  free  transactions per in s t itu t io n  [48] . Evidence suggests that 
paying fo r  lib ra ry  serv ices  does not appear as unsuccessfu l as some might 
b e l ie v e .
A 1972 Westat report estim ates costs  o f  academic in te r lib ra ry  loan 
transactions based on 12 l ib r a r ie s ,  a sample o f  the la rgest academic lending 
lib r a r ie s  in the nation  [62] . One o f the in te re stin g  resu lts  o f this 
study is  that transaction  costs  appear more d ir e c t ly  re la ted  to geographic 
lo ca t io n  than c o l le c t io n  s iz e .  In a more recent study Palmour recommends 
a temporary fee schedule fo r  ILL requests which should eventually be 
rep laced  by fed era l and sta te  subsid ies [64] . Other examples o f cost  
studies fo r  p a rticu la r  ILL networks can be found in the fo llow in g  
a r t ic le s  [5 8 ,6 0 ,6 3 ,7 7 ] .
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E . Summary
The purpose o f th is  s e c t io n  has been to report the current s ta te -  
o f-th e  a rt  o f in te r lib ra ry  loan networks. Emphasis was p laced  on 
network operations and measures o f network perform ance. The fo llow in g  
variab les  a f fe c t in g  network performance were d iscussed  in the context 
o f  the lite ra tu re  se le cte d  fo r  th is  rep ort:
1. S tructure,
2. O perations,
3. Success ra te ,
4. C osts.
Mathematical modeling and an a lysis  o f  networks is  covered ex ten sive ly  
in S ection  IV.
The fo llow in g  two l i s t s  summarize four reg ion a l centers which provide 
ILL se rv ice , and the S tate ILL networks mentioned in  the lite ra tu re  se le cte d  
fo r  th is  rep ort. A d e scr ip tio n  o f  these ILL a c t iv i t i e s  can be found in 
Kruzas1 Encyclopedia [23] . F u lle r  d iscu ssion  o f these networks and ILL 
a c t iv i t ie s  can be found in the reports ind icated  by the reference numbers 
in the l i s t s .
CENTER (R e f.) STATE STATES COVERED
B ib liograp h ic Center 
fo r  Research (31)
Colorado A rizon a , C olorado, Iowa, 
Kansas, Nebraska, New Mexico, 
North Dakota, Oklahoma, South 
Dakota, Utah, Wyoming
Center fo r  Research 
L ibra ries  (88)
I l l i n o i s About 80 member in s t itu tio n s  
in  the U.S.
N ational Library o f 
Medicine (12,67)
Maryland 11 Regional Medical L ib ra ries
Ohio C ollege Library 
Center (34)
Ohio About 60 member lib r a r ie s  w ithin 
Ohio and serv ices  a lso  extend to 
NELINET; New Mexico, New York, 
Pennsylvania, SOLINET
FOUR REGIONAL CENTERS PROVIDING ILL SERVICE.
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NETWORK (R e f .) STATE SIZE
I l l in o i s  In te r lib ra ry  
. Loan Network (63)
I l l in o i s I l l i n o i s  State L ibrary as 1 o f  
4 Resource and Reference Centers 
18 R egional Systems
Inte r lib r a r y  Communication 
Network (83 ,84)
Indiana Indiana State Library
4 S tate Academic L ibraries  
14 P u b lic  L ibra ries
MINITEX (78)
(Minnesota In te r lib ra ry  
Teletype Exchange)
Minnesota 11 R egional L ibraries
NYSILL (22 ,3 8 ,5 5 -5 7 ,6 0 ,8 2 ) 
(New York State In ter - 
L ibrary Loan)
New York New York State Library
3 Area or P ublic L ib ra ries  
9 S u b ject or Research L ib ra ries
OTIS (23)
(Oklahoma Teletype 
Inte r lib ra ry  System)
Oklahoma Oklahoma State Library 
14 R e fe rra l L ibra ries
Pittsburgh Regional
Library Center, In c. (36)
Pennsylvania Carnegie Library o f P ittsburgh 
26 Academic In stitu tio n s
Regional Reference and 
Inform ation Networks (23)
Ohio Ohio State Library 
5 R egional Networks
SCAN (36 ,73)
(State C on trolled  Area 
Network)
Washington Washington State Library 
7 Regional L ib ra ries
STATE ILL NETWORKS REPORTED IN THE LITERATURE.
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I I I .  THE ILLINOIS INTERLIBRARY LOAN NETWORK
To develop a mathematical model o f  the I l l i n o i s  ILL network, we need 
a con cise  representation  o f  how the network op erates. Such a representa­
t io n  must be simple enough to a llow  ana lysis  yet o f  s u f f ic ie n t  d e ta il  to  
capture the essence o f  the netw ork's op era tion s. Any representation  is  
n e ce ssa r ily  approximate and thus does not e x a ctly  d escribe  how every request 
i s  processed by the network. A good representation  is  one that adequately 
describes how most requests are processed. Figures 6 through 8 and the 
d iscu ssion  that fo llow s are our representation  o f  the I l l i n o i s  network.
The network is  h ie ra rch ica l and has four le v e ls :  lo c a l  l ib r a r ie s ,
Systems, Research and Reference Centers and Specia l Resource L ib ra rie s . A 
fu n ction a l b lock  diagram o f  the lo c a l  le v e l is  shown in  Figure 6. In gen era l, 
a b lock  or box represents a process that consumes time. The amount o f  time 
consumed depends on the process  and may, w ithin some range, be a random v a ria b le . 
The lin es  between blocks represent the flow  o f  requ ests, documents, and n o t i f ic a t io r  
The time between a rr iv a ls  o f  requests ( in te ra rr iv a l time) is  not a 
constant and may be viewed, again w ithin  lim its , as a random v a r ia b le .
S im ila rly , a l l  flows in  the network may be thought o f  as having somewhat 
random in te r a r r iv a l tim es. Thus, in  Figure 6 we have a p r o b a b il is t ic  flow  
o f  requests in to  a lo c a l  lib r a r y . Requests su ita b le  fo r  u t i l iz a t io n  o f  the 
ILL network are processed in  the sense o f  f i l l i n g  out the proper forms. The 
request is  then d e livered  to the System in  which the lo c a l  lib ra ry  is  loca ted .
Some time la te r , the request or document returns, i s  processed, and the patron 
i s  n o t i f ie d .  Once the patron is  n o t i f ie d ,  the ILL process is  com plete. Thus, 
we are not concerned with the time i t  takes fo r  the patron to respond to  the
REQUESTS IN-PROCESSING OF REQUEST
DELIVERY 
OF REQUEST ILLINOIS
INTERLIBRARY
LOAN
NETWORK
NOTIFICATIONS ; DELIVERY
OF
NOTIFICATION
PROCESSING OF
DOCUMENT AND 
NOTIFICATION
L
LOCAL LEVEL OF NETWORK 
FIGURE 6
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n o t i f i c a t io n .  Neither are we considering  the process o f  returning the 
document to  i t s  owner once the patron is  fin ish ed  with i t .
Figure 7 d ep icts  the operation  o f  the System le v e l o f  the network.
There are 18 Systems on th is  le v e l o f  the I l l i n o i s  network. Each System 
is  resp on sib le  fo r  a s p e c if ie d  geographical area. With the exception  o f  
large academic lib r a r ie s  with c o l le c t io n s  in  excess o f  200,000 volumes and 
fa cu lty  requests, a l l  in d iv id u a l l ib r a r ie s  send th e ir  requests to the System 
le v e l o f  the network.
. The m ultip le output flows o f  the blocks in  Figure 7 have p r o b a b ilit ie s  
a ssocia ted  with them. Thus, a fte r  in -p rocessin g  and an i n i t i a l  search o f  
the System's ca ta lo g , the lib ra r ia n  may e ith e r  try  to  obtain  the document 
from the System's shelves o r , i f  the search was u n su ccessfu l, try  to v e r i fy  
the c ita t io n  or forward the request. The sum o f  the p r o b a b ilit ie s  o f  these 
three action s  equals one.
In try ing  to obtain  the document from the sh e lves , the lib ra r ia n  may 
fin d  (perhaps with the c ir c u la t io n  f i l e )  that the document is  u navailab le .
In that case , the request would be forwarded. I f  the document is  a v a ila b le , 
i t  would be outprocessed and d e livered  to  the lo c a l  lib ra ry  requesting i t .
The System can forward the request to another lo c a l  lib ra ry  in  the System, 
another System (an inform al p roced u re^ or  the Center le v e l o f  the network. There 
are two ways in which a request can be forwarded to the Center le v e l o f  the 
network. F ir s t , i t  can be sent to  a Center with the s p e c i f ic a t io n  th at, 
i f  that Center cannot s a t is fy  the request, the request should be sent back 
to  the System. A lte rn a tiv e ly , the request can be sent to  a Center with the 
s p e c i f ic a t io n  th at, should the request not be s a t is f ie d ,  i t  should be f o r ­
warded to another Center. These two types o f  requests are ca lle d  d ir e c t  
and re ferred  requests, r e sp e c t iv e ly .
REQUESTS
DOCUMENTS 
<-------------
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Regardless o f  where the request is  forwarded, some time la ter  the 
requested document or the u n sa tis fie d  request returns and three things 
can then happen. For a s a t is f ie d  requ est, the document is  ou t-processed  
and d e liv e re d . For an u n sa tis fie d  requ est, the request is  e ith er  f o r ­
warded to  some other source or the requestor is  n o t if ie d  that the request 
cannot be f i l l e d .
An important point to note here is  that requests or documents o ften  
have to  wait in  a lin e  (queue) when they reach a processing p o in t. This 
may be due to  the fa c t  that other requests are being processed and thus 
u t i l i z in g  the processing resources at that p o in t. Or, the request or 
document may have to  wait fo r  the d a ily  mail pickup or fo r  the d e liv e ry  
truck to  leave. This queueing behavior is  an important in gred ien t in  the 
mathematical model that w i l l  be d iscussed in  the next se ct io n  o f  th is  rep ort.
Figure 8 i l lu s t r a te s  the operation  o f  the Center le v e l o f  the network. 
There are four Centers on th is  le v e l o f  the network: I l l i n o i s  State L ibrary, 
Chicago Public L ibrary, U n iversity  o f  I l l i n o i s  at Urbana-Champaign, and 
Southern I l l i n o i s  U n iversity . The fourth  le v e l o f  the network includes 
S pecia l Resource o f  which, John Crerar Library in Chicago is  an 
example.
The operations dep icted  in  Figure 8 should be fa i r ly  obvious from our 
d iscu ssion s o f  the other two le v e ls  o f  the network. However, document 
d e liv e ry  should be noted since  there are two a lte rn a tiv e s . A Center 
can send the document to  the lo c a l  lib ra ry  in it ia t in g  the request or to the 
System through which i t  was forwarded. At the moment, I l l in o i s  State 
Library u t il iz e s  both a ltern a tives  w hile the other three Centers and the 
S pecia l Resource L ib ra ries  use the second a lte rn a tiv e .
REQUESTS 
-------------- ->
DOCUMENTS 
< ----- —
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IV. MATHEMATICAL MODELING OF INTERLIBRARY LOAN NETWORK
The fu n ction a l b lock  diagrams o f the previous se ct io n  are a con cise  
representation  o f the way that in te r lib ra ry  loan requests flow  through 
the I l l i n o i s  network. In th is  s e c t io n , we w i l l  further id e a lize  the 
operations o f  the network to the poin t that they can be represented by 
equations.
This se ct io n  w i l l  proceed as fo llo w s . F ir s t ,  we w i l l  d iscuss the 
need to  p re d ic t  network performance and how mathematical models can serve 
th is  purpose. Then, we w i l l  consider the various approaches that might be 
app lied  to  modeling an in te r lib ra ry  loan network. F in a lly , we w i l l  concern 
ourselves with how a model can be incorporated  in to  an in te ra ctiv e  computer 
program fo r  use in planning and eva lu ation ,
A. P red ictin g  Network Performance
Library networks should be ca r e fu lly  planned [44 ,53,54] . Planning can 
take many form s. A group o f in d ividuals can ra t io n a lly  discuss an issue and 
reach a consensus o f  what p o lic y  to  adopt. However, in a complex s itu a t io n , 
there is  no assurance that the consensus o f  a group d iscu ssion  w i l l  be the 
"b e s t"  p o l ic y .  L ibrary networks can be very complex systems and an a n a ly t ica l 
approach to planning is  needed.
The f i r s t  stage in developing an a n a ly t ica l methodology fo r  planning 
and evaluating lib ra ry  networks is  the d e fin it io n  o f  a measure o f performance. 
This is  necessary because a p o licy  can only be "b e s t” or optimal with respect 
to some c r it e r io n .  In a p u b lic  or qu a si-p u b lic  system such as a lib ra ry  
network, the c r ite r io n  or performance measure should be se rv ice . A p o licy  
is  optim al i f ,  fo r  a given le v e l o f expenditures, serv ice  is  maximized. 
A lte rn a t iv e ly , we might f ix  the le v e l o f serv ice  and minimize c o s t .  E ither 
way, the optimal p o lic y  resu lts  in the le a s t  co s t  per u n it o f se rv ice .
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A reasonable d e fin it io n  o f  se rv ice  fo r  in te r lib r a r y  loan networks should 
include two v a ria b le s ; p ro b a b ility  o f a request being s a t is f ie d  and time delay 
in re ce iv in g  the requested inform ation br document [17 ,40 ] . Thus, the 
o b je c t iv e  o f  a lib ra ry  network might be sta ted  as maximizing p ro b a b ility  o f 
success ( f i l l  r a te ) ,  minimizing delay , and minimizing c o s t .  U nfortunately, 
minimum co s t  is  not con s iste n t  with minimum delay and maximum p ro b a b ility  
o f  su ccess . T herefore, the c la s s ic a l  tra d e o ff between cost  and serv ice  
d eve lop s .
The re so lu tio n  o f th is  tra d eo ff is  amenable to  ana lysis  but beyond the 
scope, o f  th is  rep ort. Instead , we want to con sider how we can p re d ic t  the 
components o f network perform ance; delay , f i l l  r a te 3 and c o s t .  I f  we can 
develop an approach to  p red ictin g  perform ance, then we can consider 
optim ization  and the re su ltin g  t r a d e o ffs .
B. A lternate Approaches to Modeling.
There are two basic  approaches to analyzing and p re d ic t in g  network 
perform ance; network flow  theory and queueing networks. Network flow  
theory [32 ,35] considers the problem o f a llo c a t in g  flow s in the various 
branches o f  a network so as to maximize the to ta l flow  through the network. 
A lte rn a t iv e ly , network flow  theory can be used to  fin d  the sh ortest path 
through a network where the measure o f  length may be time as opposed to 
d istan ce . This approach to modeling was o r ig in a lly  developed fo r  communications 
networks but has been app lied  to  lib ra ry  networks where message tran sfer  was 
the operation  o f in te re s t  [6 ,4 3 ,5 0 ] . However, network flow  theory is  d i f f i c u l t  
to apply to networks where the flow s are p r o b a b il is t ic  or s to ch a stic  in 
nature. In s to ch a st ic  networks, queues can b u ild  up in various p laces in 
the network and thus, the time required  fo r  a request to flow  through the 
network becomes the sum o f the serv ic in g  times at each processing point in
the network plus the time spent w aiting in queues.
C la ss ica l queueing theory [32 ,74] has, in recen t years, been extended 
to con sider queueing networks [2 ,41 ] . As w ith network flow  theory, i n i t ia l  
a p p lica tion s  were to communication systems [41] . However, recent emphasis 
has been on computer systems [1 ,2 ,1 0 ,4 7 ] and, more re ce n tly , on pu blic  
systems [87] .
. While queueing networks can adequately represent the p oss ib le  s to ch a stic  
nature o f in te r lib r a r y  loan requests, there are s ig n if ic a n t  d i f f i c u l t i e s  in 
ca lcu la tin g  the performance (delay  and f i l l  ra te ) o f  such models. This 
has led many researchers to  the use o f sim ulation  and computer programs 
such as GERTS [69 ,70 ,71 ] , extensions o f  GERTS [33] , and GNS [85] which have 
been developed fo r  the sim ulation  of s to ch a st ic  networks. In trying to 
obtain  s t a t i s t i c a l l y  s ig n if ic a n t  r e s u lts , sim ulation  can be c o s t ly  and 
many in v estiga tors  have resorted  to approxim ations that permit a n a ly t ica l 
ca lcu la tio n s  o f  network performance [2 ,1 0 ,4 1 ,4 2 ,4 9 ,8 7 ] . While such 
approximations usually  require sim ulation fo r  v a lid a t io n  and s e n s it iv ity  
a n a lys is , once th is  has been achieved, the a n a ly tica l approximations can 
then be used in  p la ce  o f  sim ulation .
Another aspect o f  in te r lib ra ry  loan networks that we wish to model is  
th e ir  h ie ra rch ica l nature. The I l l in o i s  network d isp lays  th is  h ie ra rch ica l 
property in that requests are f i r s t  processed a t the lo c a l  le v e l .  Then, i f  
not s a t is f ie d ,  they are processed on the System le v e l  and, i f  s t i l l  not 
s a t is f ie d ,  processed on the Center le v e l and p o ss ib ly  the Special Resource 
Library le v e l .  The h ie ra rch ica l nature o f  lib ra ry  networks has been considered 
fo r  several operations other than in te r lib ra ry  loan networking [6 ,8 ,8 9 ] .  How­
ever, h ie ra rch ica l queueing networks have only re ce n tly  received  much 
a tten tion  [8 7 ].
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C. Proposed Approach.
The approach adopted has been to model in te r lib ra ry  loan networks in 
general as a h ierarchy o f d is tr ib u ted  or com pletely connected networks. A 
d istr ib u ted  network is  one in which every member has the p o s s ib i l i t y  o f 
dea ling  d ir e c t ly  with every other member. While members o f a network may 
choose not to  ex erc ise  a l l  o f these options and thus some links may 
e f f e c t iv e ly  not e x is t ,  such a s itu a tio n  can be modeled by assuming that the 
link  does e x is t  but that the p ro b a b ility  o f  i t s  use is  zero .
This hierarchy o f d is tr ib u te d  queueing networks is  i l lu s tra te d  in Figure 
9. W ithin each o f the i le v e ls ,  each member may deal d ir e c t ly  with every 
other member. Between le v e ls ,  a more r e s t r ic te d  p ro to co l is  o ften  used. 
However, i f  we assume that any member o f the t o ta l  network can deal d ir e c t ly  
with any other member o f the to ta l network, the h ie ra rch ica l queueing network 
can be modeled as a s in g le  le v e l network. Even i f  th is  assumption is  employed, 
i t  is  more conceptu ally  s a t is fy in g  to d iscuss a h ie ra rch ica l network in the 
con text o f  Figure 9.
To p red ict  the p ro b a b ility  o f f i l l i n g  a request and delay in f i l l i n g  a 
request in such a h ie ra rch ica l queueing network, a n a ly t ica l approximations 
are in the process o f being developed. There are severa l c r u c ia l assumptions 
that should be d iscu ssed . The f i r s t  assumption concerns the p ro b a b ility  
d is tr ib u t io n  of time between a rr iv a ls  a t p rocessin g  poin ts (C enters, Systems, 
e t c . )  in the network. I t  is  necessary to assume that the form o f th is  
p ro b a b ility  d is tr ib u tio n  o f in te ra rr iv a l times is  id e n t ica l fo r  a l l  processing 
poin ts in the network. However, the parameters o f  th is  d is tr ib u t io n  ( i . e . ,  
the mean) may vary among processing  p o in ts . While i t  was once thought that 
only very s p e c ia l types o f networks f u l f i l l e d  th is  con d ition  [7 4 ] ,  recent 
resu lts  have shown that th is  assumption is  v a lid  fo r  many d iffe r e n t  types o f 
networks [42 ,49] .
2nd LEVEL
j&th LEVEL
HIERARCHY OF DISTRIBUTED QUEUEING NETWORKS 
FIGURE 9
1st LEVEL
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The next assumption concerns the e f fe c t s  o f  batching o f  requests..
Batching need not be a conscious p o l ic y . At a h igh ly  d ecen tra lized  processing 
p o in t , batching may be a natural and d esira b le  p o lic y  i f  the co st  per request 
is  to be minimized. There are approaches to analyzing batches processes [53. 
However, i f  batch s iz e  were constant, then conven tion al, le ss  elaborate 
queueing methods would apply. U nfortunately, batch s iz e  is  not constant. 
Instead, i t  w i l l  be assumed that a l l  o f  the e f fe c t s  o f  batching can be
incorporated  in the p r o b a b ility  d is tr ib u t io n  fo r  se rv ice  time o f  a s in g le
/
request. This assumption ce r ta in ly  s im p lif ie s  analysis  and w i l l  be 
in vestiga ted  through sim ulation .
The th ird  assumption is that the next processing poin t that a request 
goes to depends only on the processing poin t that i t  is  cu rren tly  at. This 
ce r ta in ly  seems u n r e a lis t ic .  However, i t  has been suggested [2 ] that th is  
d i f f i c u l t y  can be avoided by creatin g  c la sses  o f  requests where the c la ss  to 
which a request is  assigned depends on the number o f  processing  poin ts  that the 
request has v is i t e d .  This approach may a lso  be o f  value fo r  ch aracteriz in g  
what appears to be a decrease in  f i l l  ra te  at each su ccessive  processing 
p oin t in  a given requests r e fe r r a l  rou te .
The la s t  assumption concerns the fa c t  that the p r o b a b ility  o f  a request 
being s a t is f ie d  at a given processing poin t depends on the number o f  requests 
seeking the resources at that p o in t. The number o f  requests seeking s a t is ­
fa c t io n  at that p oin t w i l l  depend on the p ro b a b ility  o f  being s a t is f ie d  at 
a l l  the other processing poin ts in  the network. And, the demand and thus the 
p ro b a b ility  o f  s a t is fa c t io n  at a l l  the other processing points depends, in 
p a rt, on the p ro b a b ility  o f  s a t is fa c t io n  at the poin t in  question .
Thus, a c y c l i c a l  character emerges where p ro b a b ility  o f  s a t is fa c t io n  
depends on demand which depends on p ro b a b ility  o f  s a t is fa c t io n  e tc .
This re la tion sh ip  becomes fa i r ly  complex fo r  networks with many 
processing p o in ts . Thus, we would lik e  to assume that the re la tion sh ip  
is  very weak and can be ignored. The fa c t  th at-th e  in ter l'ib ra ry
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loan demand on many network members is  small compared to  the demand from 
th e ir  lo c a l  patrons would seem to make th is  assumption reasonable. Yet 
many networks may have some processing poin ts alm ost e x c lu s iv e ly  devoted 
to in te r lib ra ry  loans and th is  assumption w i l l  be fu rth er in vestiga ted  
fo r  points such as these.
The a n a ly t ica l approximations under- development can be used to 
p re d ic t  the fo llow in g  measures o f  network perform ance,
1. Average delay in  f i l l i n g  a request,
2. P ro b a b ility  o f  f i l l i n g  a request,
3 . Demand on each processing p o in t,
4 . P a rtic ip a tio n  ra t io s  [20] ,
5. T ota l and un it c o s ts .
These p red iction s  cou ld  be broken down in to  severa l ca teg or ies  including 
type o f request (in form ation , jou rn a l, monograph, e t c . ) ,  su b ject area, 
type o f  requestor, e t c .
This model w i l l  have severa l a p p lica t io n s . I t  could be used to  
develop request rou ting procedures that minimize delay to  the requestor. 
As w i l l  la te r  be d iscu ssed , the model cou ld  be used to  assess the e f fe c t s  
o f various a p p lica tion s  o f computer technology w ith in  a network. The 
e f fe c t s  o f  a llo c a t in g  s t a f f  and c o l le c t io n  resources a t  various points 
in a network could be considered . For networks s t i l l  in the planning 
stages, the model cou ld  be used with various lo ca t io n  modeling procedures 
[26,72] to decide upon reg ion s , lo ca t io n  o f ce n te rs , e t c .
D. An I n i t ia l  Model
An o v e ra ll goa l o f  th is  p r o je c t  is  to produce an in tera ctiv e  
computer package fo r  the design and evaluation  o f  lib ra ry  networks. In 
an e f f o r t  to get an in i t ia l  version  o f  such a package o n -lin e , the
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model i l lu s tra te d  in Figure 9 has been s im p lif ie d  to  that o f  a simple 
ring network as shown in Figure 10.
SIMPLE RING NETWORK 
FIGURE 10
The p ro to co l assumed is  as fo llo w s . A request rece ived  a t Center i  
in su b ject  area j is  f i l l e d  with p ro b a b ility  p . . .  I t  is  assumed that 
p _  is  constant and independent o f  demand on Center i  and independent 
o f  the other Centers. I f  Center i  cannot f i l l  the request, i t  is  
re ferred  to Center i  + 1 unless Center i  + 1 has previou sly  seen the 
request, A request is  deemed u n fil la b le  only a ft e r  i t  has been to every 
Center without being f i l l e d .
Since I l l in o i s  does not use such a fix ed  ord erin g , th is  ring model is  a 
rather poor and inaccurate representation  o f  the I l l i n o i s  'network. The actual 
operation  o f  the I l l in o i s  network is  not as s im p lis t ic  as the ring in Figure 
10. However, th is  h ypoth etica l structure has allowed us to d e fin e  the 
necessary input data and develop an i n i t ia l  computer package. The input 
data required include:
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1. Average p rocessin g  time fo r  f i l l e d  and u n fi l le d  requests at
V
each processing poin t in the network.
2. Average document d e livery  times between any two processing p o in ts .
3 . F i l l  rates (p .^ ) in each su b ject area at each processin g  p o in t.
4 . P rob a b ility  o f  an item not being owned and p ro b a b ility  o f an 
item not being a v a ila b le  fo r  each su b ject area a t each 
processing p o in t.
5. Average demand (req u ests /y ea r) in each su b ject area generated
a t the low est le v e l  o f  p rocessing points ( e .g . ,  lo c a l  l ib r a r ie s ) .
6. Average demand cu rren tly  a llo ca te d  to each processing p o in t.
7. Reimbursement schedule fo r  a l l  p rocessing p o in ts .
Combining th is  data with the fu n ction a l b lock  diagrams in Figures 6 through 
8 and the network structure in Figure 9 or 10, allow s p re d ic t io n  o f  the 
network performance measures noted in the previous se ct io n  (IV -C ).
The in te ra ctiv e  computer package that has been designed is  ca lle d
ILLINET which stands fo r  I l l i n o i s  L ibrary and Inform ation Network Model.
)
I t  is  a FORTRAN package designed to run on a tim e-shared computer with 
d isk  f i l e  storage. I t  could ce r ta in ly  be run in  a batch mode with card or 
tape input but the v e r s a t i l i t y  o f  the package would be g rea tly  
reduced.
To ex erc ise  ILLINET, the above data was necessary but not a l l  
a v a ila b le . From a v a ila b le  data [15 ,27 ,62 ] , gross estim ates were 
obtained . At th is  p o in t i t  should be emphasized that the very approximate 
nature o f  th is  i n i t ia l  model combined with o u t-o f-d a te  and inadequate 
data has caused the re su lts  d iscussed below to on ly  be representative 
o f the type o f outputs produced by ILLINET and to have no meaning in
an absolute sense.
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We w i l l  not at th is  time discuss the d e ta ile d  usage o f ILLINET as 
that w i l l  be the su b ject o f  a la te r  rep ort. B a s ica lly , the user can 
form ulate various network operating p o l ic ie s  and see th e ir  e f f e c t  
on the measures o f  network performance. The user s e le c ts  the measures 
that he wishes to see and they are d isp layed . The user can a lso  s e le c t  
to have various tabu lations prin ted  on the lin e  p r in te r .
Tables 1 through 8 summarize the inform ation a v a ila b le  with ILLINET 
a t the time o f w ritin g  th is  rep ort. However, as ILLINET is  being m odified 
and expanded alm ost d a ily , new options and tabu lations w i l l  be av a ila b le  
by the time th is  report is  dissem inated and read.
Table 1 r e f le c t s  a p o lic y  o f  a l lo c a t in g  an equal number o f System 
requests per year, in each su b ject  area, to each of the four Centers.
Table 2 summarizes these System requests plus the re fe rred  requests by 
each Center. Note that in  th is  example p o l ic y ,  re fe rred  requests account 
fo r  more demand than System (or extern a l) requests. Thus, demand 
generated by r e fe r r a ls  can re su lt  in  a s ig n if ic a n t  load on the 
network.
Table 3 summarizes the s a t is f ie d  requests while Table 4 summarizes 
the u n sa tis fie d  requests. Table 5 shows that 84% o f the external requests 
are s a t is f ie d .  I t  should be emphasized that a l l  o f  the u n sa tis fied  
requests noted in Table 4 are due to  the same request being u n sa tis fied  
at a l l  Centers.
Table 6 summarizes the average time from the request entering the 
network to i t s  re ce ip t  by the requestor. Table 7 summarizes the to ta l 
and un it costs  o f  the p o l ic y . Table 8 is  a summary o f  the bottom rows 
o f  Tables 1 through 7.
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E. Extensions in Progress
Current e f fo r t s  are d irected  at four areas. The f i r s t  is  the use 
o f  a d istr ib u te d  model instead o f  a r in g  model. A lso , processing time 
a t  each p oin t w i l l  be made a fu n ction  o f  the demand on that p o in t. 
Third, the option  o f d ir e c t  requests w i l l  be included . Lastly, 
the next lower le v e l o f  the h ierarchy (the System le v e l in I l l i n o i s )  
w i l l  be added.
V
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V. ALTERNATIVE COMPUTER AND COMMUNICATION TECHNOLOGIES
In th is  section  the impact o f  computer and communication technology 
is  d iscussed fo r  s ix  p o ss ib le  hardware a p p lica tio n s . The s ix  are not 
mutually exclu sive  and represent p o ss ib le  development d ire ct io n s  rather 
than recommended systems. The impact o f  the most promising o f  the 
systems w i l l  be evaluated using the ILLINET model. Such evaluation  
w i l l  be the su b ject o f  a la te r  rep ort.
A. Inward WATS at Each System
Many o f  the member l ib r a r ie s  are so small that i t  would be 
u n r e a lis t ic  to p la ce  computer term inals o f  any type on the prem ises.
The only type o f  "communications technology" that can b e n e fit  these 
member l ib r a r ie s  d ir e c t ly  is  the ordinary telephone which can serve 
as a very low cost "computer term in al." (The Ohio State U nivesity LCS 
system in e f fe c t  makes the e n tire  3,000,000 volume c o l le c t io n  searchable 
from any telephone [6 2 ] ) .
I f  a System had inward WATS se rv ice  and negotia ted  most in te r -  
lib ra ry  loan requests v ia  telephone there would be several advantages. 
O bviously, p lacing requests by telephone would elim inate the delay in ­
curred in sending the request to the System by mail or co u r ie r . In fa c t ,  
lo c a l  l ib r a r ie s  do o ften  telephone requ ests, but they must bear the 
telephone costs  themselves which probably lim its  widespread use o f  the 
telephone.
Equally, im portant, the request form could be f i l l e d  out at the 
System by an in te r lib ra ry  loan c lerk  who would check the request fo r  
completeness and p la u s ib i l i t y .  W ritten requests can be s u f f ic ie n t ly  
ambigious to make success in f i l l i n g  uncertain  and i t  would seem that 
d ia logu e between requester and c le rk  would remove many o f  these am biguities.
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There are two costs  associated  with th is  s e r v ic e , the co st  o f  the 
WATS se rv ice  and the co s t  o f  the ad d ition a l c l e r i c a l  support. Any 
reasonable request le v e l would requ ire  unlim ited WATS se rv ice  at $650 
per month. The extra  c l e r i c a l  time obv iously  would depend on the average 
time to n egotia te  a request.
B. A Minicomputer fo r  C ircu la tion  at the Systems and/or Centers
At the present time, at le a s t  one System and two Centers have created 
book-form  or film ed ca ta logs o f  th e ir  hold ings or a s ig n if ic a n t  p ortion  o f  
th e ir  h old ings. Such ca ta logs  can serve as the b a s is  fo r  an automated 
system allow ing remote access to th e ir  c o l le c t io n s .  In th is  s e c t io n , 
the a p p lica tion  o f  th is  idea on the System le v e l w i l l  be emphasized.
I f  a System had a ca ta log  o f  i t s  holdings that included accession  
number as w ell as the usual b ib lio g ra p h ic  in form ation  and the System had 
a computer fo r  o n -lin e  c ir c u la t io n  co n tro l with in qu iry  by accession  
number as a fea tu re , then i t  would be a straightforw ard  extension  o f  the 
c ir c u la t io n  co n tro l system to permit d ir e c t  inqu iry and charging o f  
m aterials by telephone.
The lib ra r ia n  at a member lib ra ry  d esir in g  an item from the book 
ca ta log  would telephone the computer and key in  the a ccess ion  number using 
the touch tone buttons. The computer response would be coded tones to 
in d ica te  (a ) a va ilab le  or (b ) not a v a ila b le . I f  the item were a v a ilab le  
i t  could then be requested by keying in  a number in d ica tin g  the requesting 
lib r a r y . The item would be charged to the requesting lib ra ry  at that 
instant (to  prevent contention  problems) and subsequently a printed  
message would d ir e c t  a c le rk  to p u ll and ship the designated item.
N aturally , the in s ta lla t io n  o f  several com patible telephone inquiry 
systems would open the p o s s ib i l i t y  o f  member l ib r a r ie s  inqu iring at
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at Systems other than th e ir  own.
D irect telephone inquiry and charging has many a ttra c tiv e  features 
but is  l ik e ly  to be so expensive in development that i t  could be con­
sidered  on ly i f  development costs  were shared by several Systems. This 
sharing might be lim ited  to design and programming costs  on i t  might a lso  
include the sharing o f  computer hardware. In the la t t e r  case , one computer 
at a System or Center would serve several d if fe r e n t  Systems. The optimum 
number and placement o f  c ir cu la t io n  computers to serve th is  fu n ction  is  
re la ted  to hardware and communications c o s ts .
C. A Central Switching Computer
With a cen tra l sw itching computer (CSC) a l l  Teletype requests from the 
Systems le v e l would be d irected  to a c e n tr a lly  located  computer. Request 
messages would include a code fo r  the su b ject  area, lo ca t io n  o f  the item i f  
known and the usual b ib lio g ra p h ic  in form ation . To promote acceptance o f  the 
system i t  might be necessary to permit the requesting System to s p e c ify  
routing to the Centers although, o f  course , Systems would be encouraged to 
le t  the computer determine rou tin g . Format o f  the requests would be very 
s im ila r to the present standard but some retra in in g  o f  TWX operators would be 
needed because computer processing would requ ire  a more r ig id  format.
A fter each request message the CSC would respond with a d ia gn ostic  
message ( i f  the request were incom plete or unclear) or a computer-assigned 
message number to acknowledge an accepted request. The CSC would then route 
the request to one o f  the Centers on the basis  o f  geography, su b ject area, 
p rocessing load at the Centers and other fa c to r s .
A fter searching fo r  the requested item the Center would TWX a "search  
re su lt  message" to the CSC con sistin g  o f  the message number and a code to 
in d ica te  su ccess, in use, not owned, n o n -c ircu la tin g , e tc . The compactness
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o f  the Center search re su lt  message would save keyboarding and trans­
m ission time at the Center but introduce the hazard that a s in g le  erroneous 
d ig i t  would com pletely change the meaning o f  the message. To guard against 
th is  type o f  error the CSC would return a few characters o f  author and 
t i t l e  as a type o f  "echo ch eck ."
There are numerous advantages to the use o f  such a "store-and -forw ard" 
message routing system. As p rev iou sly  mentioned, the use o f  a message number 
permits the search re su lt  message to be trimmed to the e sse n tia ls  with a 
consequent saving o f  Center s t a f f  e f f o r t .  A d d ition a lly , the message number 
could be used by Systems to inqu ire  in to  the current status o f  th e ir  
requests. (U ntil r e ce n tly , Systems subm itting requests lo s t  s igh t o f  the 
request u n t il  the item arrived  or u n t il  a l l  search p o s s ib i l i t i e s  had been 
exhausted. They now re ce iv e  a separate status report fo r  each item re ferred  
from one Center to another. There would appear to be advantages in  a more 
s e le c t iv e  inquiry system .)
In the ex is t in g  network, each Center in vests  substantia l e f f o r t  in 
record-keeping a c t iv i t ie s  such as logging requests, counting the number 
f i l l e d  and u n f i l le d ,  e tc . These functions would be taken over by the CSC 
since  i t  is  obv iously  a simple extension  o f  the message routing fu n ction .
For the purpose o f  comparing Centers, data gathered th is  way would, o f  
cou rse , be more con s isten t than data gathered separately  by the four Centers.
In add ition  to the record keeping required fo r  budget and accounting 
purposes, the CSC would permit a wealth o f  data to be gathered on many 
other aspects o f  in te r lib ra ry  loan s e rv ice . These would include such 
things as the form o f  m aterials requested, s t a t is t ic s  on se rv ice  delay , 
success rates fo r  c la sses  o f  m ateria l, ( e .g . ,  Dewey c la s se s ) ana lysis o f  
type o f  borrower, time v a ria tion s  in the processing load , e tc . I n i t ia l ly ,  
th is  data could be used to manually adjust the parameters o f  the routing
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algorithm  fo r  optimum s e rv ice . L ater, when the system was b e tte r  under­
stood , an adaptive routing algorithm  could be implemented to dynamically 
adjust system parameters.
Computer based message switching systems (s to r e  and forward systems) 
are in  f a i r ly  common use, a good example being the ARPA network. In terms 
o f  th e ir  use fo r  in te r lib r a r y  loan , message sw itching systems have been 
discussed in  p rin t [4 ] but no operating systems o f  the type d iscussed in 
th is  report are known to e x is t .  Nelson A ssocia tes , fo r  example, in  th e ir  
Report on the New York State ILL system [56 ] recommend the CSC concept 
( " . . . a  necessary con d ition  fo r  improvement o f  NYSILL o p e r a t io n .. . " )  and 
appear to be heading in  that d ir e c t io n  [6 0 ]. They do qu ite  properly  poin t 
out that the design o f  such a system is  l ik e ly  to be a major undertaking. 
Because o f  the scope o f  the p r o je c t ,  i t s  innovative nature and i t s  p o te n tia l 
fo r  a p p lica tion  to l ib r a r ie s  g en era lly , the design o f  such a CSC might be 
supported by a research  grant.
D. OCLC Terminals at Systems
Within the past four years the computer based ca ta log in g  network has gone 
from being an ambitious experiment to being the s in g le  computer ap p lica tion  
having the grea test impact on the en tire  lib ra ry  scene [3 4 ]. The success o f  
OCLC has resu lted  in i t s  rapid expansion plus the creatin g  o f  s im ilar n et­
works in other parts o f  the country. In I l l in o i s  the four Centers jo in ed  
OCLC in la te  1974. I t  is  gen era lly  assumed that OCLC membership w i l l  be 
extended to other l ib r a r ie s  in the sta te  w ithin a few years.
The s ig n ifica n ce  o f  OCLC and sim ilar networks in  terms o f  in te r lib ra ry  
loan is  that the t i t l e  f i l e  is  e s s e n t ia lly  a union l i s t  o f  member h old ings.
Some member l ib r a r ie s  have entered th e ir  en tire  holdings but most l ib r a r ie s  
enter on ly¿those items acquired a fte r  jo in in g  the network. Thus, the f i l e  
must be regarded as an incom plete union l i s t  y e t , one which improves with time.
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OCLC term inals at the Systems le v e l would obv iou sly  f a c i l i t a t e  
searching although the extent o f  th is  help is  not ce r ta in . I t  would 
seem that most in te r lib r a r y  loan requests are fo r  "re ce n t"  m aterials 
but more complete data is  needed.
At presen t, OCLC charges fo r  ca ta log in g  use o f  the f i l e  ( i . e . ,  use 
fo r  card production ) and makes no charge fo r  any other use o f  the f i l e .  
This p o lic y  is  l ik e ly  to change, e s p e c ia lly  i f  term inals are used in  a 
"search -m ostly " mode as would be true fo r  System use.
The OCLC network is  not regarded by i t s  developers as a shared 
ca ta log in g  network. They consider i t  a b ib lio g ra p h ic  network with 
ca ta log in g  as the f i r s t  se rv ice  o f fe r e d . Other serv ices  such as s e r ia ls  
c o n tr o l , c ir c u la t io n  and a cq u is it io n s  are in  development. I t  is  e n t ir e ly  
p o s s ib le  that they w i l l  o f fe r  an in te r lib r a r y  loan se rv ice  sometime in 
the fu ture.
/ i
E. Commercial Time Sharing
Hayes [30] has w ritten  a report gen era lly  favorab le  to the use o f  
commercial time sharing serv ices  fo r  accounting and message sw itching.
Such commercial serv ices  would compete with OCLC's (p o s s ib le )  in te r lib ra ry  
loan se rv ice  in  somewhat the same way that Bibnet [80] (a commercial 
ca ta log in g  network) competes with the OCLC cata log in g  se rv ice .
F. Facsim ile Terminals at Systems
The prospect o f  moving a document from one lo ca t io n  to another 
e le c t r o n ic a l ly  is  one that many lib ra r ia n s  f in d -fa s c in a t in g . Several 
p i lo t  p r o je c ts  have been described  [9 , 24, 56] but unfortunately  the 
general con clu sion  in  that the problems g rea tly  outweigh the advantages. 
Problems include c o s t ,  q u a lity  o f  reproduction , in a b il i ty  to work with
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bound m ateria l, copyright and many other fa c to r s .  F acsim ile transm ission 
o f  bound volumes can be dism issed from con sid era tion  fo r  the near fu tu re . 
Facsim ile  transm ission o f  journal a r t ic le s  is  p resen tly  so expensive as 
to ru le  out i t s  use except in  sp e c ia l s itu a t io n s . Facsim ile transm ission 
o f  requests is  te ch n ica lly  fe a s ib le  but more expensive than transm ission 
by mail or TWX. O bjections to fa cs im ile  based on co s t  might be reexamined 
i f  the widespread use o f  two-way ta b le  TV su b sta n tia lly  lowers transm ission 
c o s ts .
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